Objectives: We and others showed that migraineurs are at increased risk of subclinical and clinical ischemic brain lesions. Migraineurs also have a higher prevalence of frequent syncope and orthostatic intolerance, symptoms that are associated with transient reductions in cerebral blood flow. In this study, we assessed whether these autonomic symptoms may contribute to the increased risk of brain lesions in migraine.
Migraine is a common neurovascular brain disorder characterized by attacks of disabling headache, autonomic dysfunction, and sometimes aura symptoms. 1 Although suffering a migraine attack is ranked among the most painful and disabling disorders, 2 the disease migraine is commonly not believed to have long-term brain consequences.
However, we found in the population-based CAMERA (Cerebral Abnormalities in Migraine, an Epidemiologic Risk Analysis) study that female migraineurs are at increased risk of deep white matter hyperintense lesions (WMLs), and that both male and female migraineurs have a higher prevalence of infratentorial brain lesions, including hyperintense brainstem lesions and cerebellar infarcts. 3, 4 This association was not modified by cardiovascular risk factors or use of vasoconstricting antimigraine medication. These MRI lesions appear to have developed subclinically, but they might still be relevant in view of the findings of a meta-analysis showing that migraine is a risk factor for ischemic stroke. 5 Furthermore, WMLs have in general a predictive value for future stroke and cognitive and functional decline. 6 The mechanisms leading to increased risk of brain lesions in migraineurs remain unknown.
In the same cohort, we examined clinical presentations of autonomic nervous system (ANS) dysfunction. We found an increased lifetime prevalence of syncope, frequent syncope, and orthostatic intolerance (OI) in migraineurs without interictal signs of ANS failure. 7 Abnormal reactivity of blood pressure or heart rate, i.e., orthostatic hypotension (OH) 8 or postural tachycardia syndrome, 9, 10 was not found more often in migraineurs. A recent study suggested the existence of syncopal migraine (i.e., migrainous headache immediately preceding or following syncopal episodes). 11 ANS dysfunction is associated with transient cerebral hypoperfusion [12] [13] [14] and may predispose to brain lesions. [15] [16] [17] [18] [19] [20] The Atherosclerosis Risk in Communities (ARIC) study identified asymptomatic OH and orthostatic decrease of systolic and diastolic blood pressure as predictors of ischemic stroke, even after adjustment for other risk factors. 19, 20 An increased rate of WMLs has also been reported in patients with severe, symptomatic OH due to multiple system atrophy and Lewy body dementia. [21] [22] [23] The severity of OH correlated with the degree of WMLs. A multifactorial etiology for WMLs is likely because OH often occurs together with known WML risk factors, including supine hypertension and cognitive decline. [24] [25] [26] Surprisingly, there are no studies on whether the most common cause of transient cerebral hypoperfusion, i.e., reflex syncope, is harmful to the brain. Of interest, a recent study demonstrated cerebral blood flow abnormalities in patients with syncope in their asymptomatic period (i.e., between syncopal attacks). 27 The purpose of this study was to evaluate whether clinical symptoms of ANS dysfunction increase the risk of WMLs, and whether this effect is influenced by the presence of migraine.
METHODS Study population. The population-based CAMERA study has been described previously. 3, 28 In brief, from 863 migraineurs and 5,628 controls who were identified according to International Headache Society criteria, 1 we randomly selected 134 migraineurs without aura, 161 with aura, and 140 controls without headaches aged 30 to 60 years, frequency matched by sex and age. Cases and controls did not differ in age composition, sex proportions, and cardiovascular risk factors; this also held for responders (69%) vs nonresponders.
Participants gave written informed consent and participated without financial reimbursement. The protocol was approved by the ethics committee and included a computerized structured telephone interview, a neurologic examination, and a brain MRI study. The hospital visit took place within 10 days of the interview, in migraine cases in a headache-free period ($3 days after a migraine attack).
Syncope-related variables. The assessment of ANS symptoms and signs has been detailed previously. 7 Briefly, syncope ("fainting") was explained to all participants with the same standard text, as a brief loss of consciousness that may be provoked by the sight of blood or by standing for a long time in the heat, but that could occur without a clear provocation. Unconsciousness due to head injury and epileptic seizure were not counted as syncope. "Near syncope" was described to patients as the symptoms that usually precede a faint but can also occur separately and consist of dizziness, lightheadedness, loss of concentration, ringing in the ears, or darkening of sight. Answers were categorized for the analyses as "syncope ever" (at least 1 attack) and "frequent syncope" (5 or more syncopal attacks over the lifetime). Additional questions explored syncope, near syncope, or avoidance during specific circumstances, including prolonged standing, long hot showers, after heavy meals, after exercise, or at the sight of blood or during a venipuncture. OI was defined as the provocation of syncope or presyncope upon standing or the avoidance of prolonged standing (see full questionnaire text [appendix e-1 on the Neurology ® Web site at www.neurology.org]). 7 Two autonomic reactivity tests were performed (change in blood pressure and heart rate after standing up and after venipunction), but based on the previous results were not part of the current analyses. All syncope-related variables were predefined in the previous article, blinded for the MRI results.
Magnetic resonance imaging. Whole-brain MRI scans from a 1.0-and a 1.5-tesla unit with comparable protocols included contiguous 3-mm axial slices with combined proton density and T2-weighted fast spin-echo and fluid-attenuated inversion recovery (FLAIR) sequences (figure). Blinded to clinical status, one neuroradiologist read all images and systematically recorded topographic details of periventricular and deep WMLs (PVWMLs and DWMLs, respectively), infratentorial hyperintense lesions (IHLs), and infarcts. A complete description of the semiquantitative WML-rating methods has been provided previously. 3, 25 PVWML scores .3 (of 15) and the highest 20% volumes of total DWML load were classified as high load. IHLs were hyperintense on proton-density and T2 images and were not hypointense on FLAIR images. 29, 30 Infarcts were defined as nonmass parenchymal defects, with a vascular distribution, isointense to CSF signal on all sequences, and, when supratentorial, surrounded by a hyperintense rim on FLAIR images. 31, 32 There was no difference in sensitivity of both scanners to pick up lesions. 3 Assessment of confounders, covariates, and migraine characteristics. Sociodemographic, medical, and migraine characteristics were assessed by interview and physical examination, and are described in detail elsewhere. 3 Migraine participants estimated headache and aura attack frequency, and frequency and amount of specific antimigraine medication (ergotamines, triptans) they used in the years they had migraine attacks. 3 Statistics. Syncope data were available from 140 controls and 291 migraineurs of 435 participants with complete MRI data. In a maximum of 12 participants, data on the syncope frequency were incomplete; these participants did not differ from the remainder regarding demographic variables, cardiovascular risk factors, or MRI variables. Chi-square tests, unpaired t tests, and 1-way analyses of variance were used to test for any differences in the distributions and means of measured characteristics among the study groups. The assessment of associations of migraine and its subtypes (with and without aura) to the risk of infarcts, high PVWML load, high DWML load, and IHLs was described in previous reports. 3, 4 It was based on logistic regression analyses controlling for age, sex, cardiovascular risk factors, and antimigraine medication. Previous and also current analyses were stratified by sex because of differences in prevalence and risk for migraine and stroke. 3, 5 The prevalence comparison of syncope variables between migraineurs and controls was also described previously. 7 Because that group (n 5 476) also included subjects without MRI data, we now recalculated the statistics for the current subgroup of subjects with MRI data (n 5 431).
Current analyses focus on the association between syncoperelated variables and brain lesions on MRI. This was assessed by comparing presence (yes/no) of infarcts, high DWML load, high PVWML load, and IHLs vs preselected syncope-related variables (syncope ever, frequent syncope [$5 times], and OI). Using logistic regression analysis, we examined the risk (odds ratios [ORs], 95% confidence intervals) for the MRI outcomes by syncope variables, controlling for age, sex, and municipality (model 1), and additionally for education, body mass index, hypertension, cholesterol, alcohol use categories, and smoking (model 2), and stratified these analyses in addition by sex and migraine diagnosis. Because of the small numbers, this was possible only for the DWML outcome.
To evaluate mediation of the associations by migraine, we added migraine diagnosis (yes/no) to model 2. To assess moderation, we calculated the ORs for each diagnosis combination of syncope and migraine (adding dummy variables to model 2; e.g., risk for migraineurs without OI, risk for controls with OI, and risk for migraineurs with OI compared with controls without OI as the reference group). These analyses were a priori stratified by sex, because the established association between high DWML load and migraineurs was present only in females. 3 Analyses and appropriate regression diagnostics were conducted with the Statistical Package of Social Sciences (version 16; SPSS Inc., Chicago, IL).
RESULTS
The demographic characteristics and risk factors of the participants according to their migraine diagnosis are shown in table 1. Measured blood pressures and hypertension prevalence were lower in those with OI, but not in those with a history of frequent fainting or migraine. As reported earlier, 7 also in this subgroup of subjects with MRI data (n 5 431), migraineurs (vs controls) had a significantly higher prevalence of "syncope ever" (49% vs 31%; p , 0.0001), "frequent syncope" (14% vs 6%; p 5 0.01), and OI (32% vs 12%; p , 0.0001; see table e-1 for further  prevalence data and table e-2 for results of autonomic reactivity tests). After stratification by sex, the differences remained significant only in female participants, but it should be noted that the number of men was much lower than that of women. No differences were found between migraineurs with and without aura, nor between those with fewer (,1 attack/month) and more attacks. Diabetes mellitus, history of myocardial infarction, body mass index, high alcohol intake, and use of antihypertensives did not emerge as potential risk factors for syncope. Irrespective of migraine diagnosis, there was overlap between "frequent syncope" and OI: of those with frequent syncope, 57% also had OI, vs 22% of those without frequent syncope; of those with OI, 25% were frequent fainters, vs 7% of those without OI (p , 0.001). Those with and without history of "syncope ever" did not differ in prevalence of any lesions. Table 2 shows the prevalence of high DWML load, high PVWML load, and IHLs in those with and without frequent syncope and OI (crude data). Participants with frequent syncope had a higher prevalence of high DWML load (p 5 0.005), which was strongest in female subjects and which seems to involve migraineurs and controls equally. In logistic regression analyses with multivariate adjustments (table 3) , frequent syncope was an independent risk factor for high DWML load (model 2, OR 5 2.7; 95% confidence interval: 1.3-5.5), and the association was not significantly mediated by migraine diagnosis (see table 3, model 2 1 migraine). This association remained significant and similar also in stratified analyses of controls only, and in analyses of those without current use of antihypertensives (data not shown). Frequent Table 2 Prevalence of syncope, orthostatic intolerance, and orthostatic hypotension versus presence of MRI syncope also showed a trend (table 2) toward higher prevalence of high PVWML load in all participants (p 5 0.08), which was again clearest in females (p 5 0.06). The number of cases with a high PVWML load was too small for multivariate analyses. Frequent syncope was not related to IHLs. Participants with OI more often had high DWML load (table 2; p 5 0.01) and high PVWML load (p 5 0.005), also most explicit in females. Multivariate analyses (table 3) also identified OI as an independent risk factor for high DWML load, and this association was also not significantly mediated by migraine, and similar (and significant) in analyses in controls only. In subanalyses of controls only, OI was related to a higher prevalence of IHLs (table 2, p 5 0.007).
In assessing the risk of high DWML load in subgroups of female participants based on diagnosis combinations of syncope and migraine (dummy analyses), we found similarly increased risks for migraineurs with frequent syncope (OR 5 6.3 [1.0-40], model 2) and controls with frequent syncope (OR 5 6.0 [2.1-17] ), which excludes a significant moderating role of migraine in the association between frequent syncope vs high DWML load: female migraineurs without frequent syncope were still at increased risk (OR 5 2.3 [1.0-5.3]; similar to earlier reported values 3 ); female controls without frequent syncope served as the reference group (OR 5 1.0). In the same way, female migraineurs with OI (OR 5 3.9 [0.9-17]) and female controls with OI (OR 5 3.5 [1.4-8.6]) were at similarly increased risk of high DWML load; female migraineurs without OI also remained at increased risk for high DWML load (OR 5 2.0 [0. 8-4.7] ).
We found no difference in prevalence of brain or cerebellar infarcts in those without vs those with frequent syncope (8% vs 2%; p 5 0.1) or OI (8% vs 5%; p 5 0.4); this did not change after stratification by sex, migraine status, or migraine subtype. DISCUSSION We present evidence that frequent syncope and OI are independent risk factors for high DWML load and possibly also for high PVWML load and IHLs in healthy, young to middle-aged subjects from the general population. The effects were strongest in women and similar in migraineurs and nonmigraineurs. Migraine did not alter the associations. Female migraineurs without frequent syncope or OI were still at 2-fold increased risk of high DWML load. 3 Therefore, a history of frequent syncope or OI does not by itself explain why female migraineurs have higher risk of brain lesions; both syncope-related ANS symptoms as well as migraine seem to be independent risk factors.
Syncope is defined as transient, brief, and self-limited loss of consciousness due to cerebral hypoperfusion, with spontaneous recovery. 12, 13 The 3 groups of causes of syncope are reflex syncope (synonym: neurally mediated syncope), cardiac syncope, and OH. Given the relatively young age at onset (migraineurs 21 6 13 years; controls 23 6 13 years) and the specific circumstances triggering (pre)syncope, it is highly likely that most cases were of reflex syncope. 7 Whereas long-lasting cerebral hypoperfusion is known to cause brain damage, Table 3 Risk of high DWML load by syncope-related risk factors, with and without controlling for migraine diagnosis: The population-based CAMERA MRI study (n 5 431) a so far evidence has been lacking that short-lasting hypoperfusion as in reflex syncope is associated with subclinical brain changes. WMLs are frequently observed in older subjects, and their prevalence increases with age. Their pathogenesis is still incompletely understood. Multiple mechanisms are likely involved, including episodic or chronic hypoperfusion, atherosclerosis, insufficient blood-brain barrier function, altered vascular permeability, increased endothelial activation and microglial activation due to hypoxic and inflammatory insults, and CSF accumulation. 33 The regions of the white matter that are supplied by the distal ends of the penetrating arterioles (the periventricular zones and the semioval center) already have, in normal conditions, the lowest perfusion pressure. 34 These zones are most vulnerable to periods of relative hypoperfusion, and perfusion may theoretically become insufficient (ischemia) either in conditions of chronically impaired local cerebral blood flow, as may happen in large-and/or small-vessel disease, or in conditions with a paroxysmal reduction in cardiac output or blood pressure, as in syncope or OH. It is therefore conceivable that repeated cerebral hypoperfusion in frequent syncope may contribute to development of WMLs. However, it should be stressed that this study is not able to prove any causative mechanism.
This is the first MRI study on WMLs in frequent syncope. Several MRI studies found associations between OH and the risk of WMLs and/or silent infarcts. Most such studies concerned older subjects with concurrent risk factors such as hypertension and diseases such as dementia. 16, 17, 21, 24, 26 In such subjects, it is likely that both local factors and systemic hypotension colluded to result in WMLs. Strong evidence that OH is an independent predictor of ischemic stroke in middle-aged persons comes from the ARIC study. 19, 20 Our results are in line with these studies, with one exception, and that is that no such additional risk factors are likely to have influenced the results in the present relatively young group. In both reflex syncope and OH, low systemic blood pressure will result in transient cerebral hypoperfusion. However, the degree of cerebral hypoperfusion will depend on the integrity of the cerebral autoregulation. The role of autoregulation in reflex syncope and OH is still a matter of debate. 14 Our study was too small to assess an eventual specific distribution of syncope-related brain lesions; this requires further study. Two previous studies indicated that the cerebral perfusion deficits during reflex syncope are most prominent in the frontal regions. 35, 36 Accordingly, cognitive executive functions in patients with syncope due to OH were greatly affected by an orthostatic challenge. 37 However, in a separate publication on the current cohort, we found no evident effects of the identified deep WMLs on cognitive functioning. 38 Strengths of the CAMERA study have been detailed and acknowledged previously. 3, 39 The detailed description of the cohort allowed us to control for possibly confounding effects due to cardiovascular risk factors, including diabetes and hypertension, in multivariate analyses. Eventual residual confounding by current antihypertensive treatment was thought to be unlikely after additional stratified analyses in those without current use of such treatment (either antihypertensive or as preventive migraine medication). Although there were no participants with overt heart disease, we cannot exclude the possibility that some syncope-related variables might act as a proxy for cardiovascular risk factors. 19 The relatively young age of the study group suggests that this explanation is not likely. Although our syncope-related measures were historical, and thus potentially subject to recall bias, we are confident that by using relatively robust cutoff values for, e.g., "frequent syncope," and by using different questions to assess orthostatic complaints, these data produced a valid classification of individuals with vs without clear ANS symptoms. The questions assessing OI might have included subjects with nonspecific complaints, but this does not seem to have a substantial role, given the similar effects observed for frequent syncope and OI. Because of logistical limitations inherent to a largescale epidemiologic study, we were unable to perform a more extensive ANS test battery, e.g., with tilt-table testing; such assessments will likely allow for a more precise evaluation of subtypes of ANS dysfunction. Because data were acquired blinded to migraine diagnosis, the stratification by migraine diagnosis is also not a likely source of bias. Even if migraineurs for unknown reasons would have been more likely to answer syncope questions affirmatively, this would not explain any relationship between syncope and DWMLs in controls.
In summary, we identified frequent syncope and OI as independent risk factors for high DWML load in both controls and migraineurs, without interaction of the association by migraine. In female migraineurs, this adds to their known increased risk of high DWML load, but does not explain it. It should be stressed, however, that we studied subclinical brain lesions; the clinical relevance of these lesions in controls and migraineurs is still unknown. Additional clinical and epidemiologic studies are needed to confirm and explore these findings.
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